. Changes in the African monsoon region at medium-term time horizon using 12 AR4 coupled models under the A1b emissions scenario.. Atmospheric Science Letters, Wiley, 2011, 12 (1) This study documents simulated precipitation and circulation changes through the 20C3M and A1b scenario. The portray a robust pattern, associating rainfall deficits in subtropical regions with excesses over West Africa, except in Northern Senegal and Mauritania, with a significant enhancement of both the April-June rainy season in 10/12 models and of the July-September rainy season in 8/12 models. Eastward to 5°W a northward shift in latitude of the moisture flux convergence at 850 hPa is evident in 10/11 models (+0.58 ° in mean) and a southward shift in 6 /11 models in the western region (-0.24°) is observed.
Introduction
Some authors asserted that the partial recovery of Sahel precipitation since the 1990s could be a response to greenhouse gas forcing through an increased temperature contrast between land and ocean, since a wetter Sahel might follow from an enhanced warming of land compared to oceans, which would be responsible for driving a stronger monsoonal flow inland (Paethe and Hense, 2004 ). For Hoerling et al. (2006) , Maynard et al. (2002) and Haarsma et al. (2005) a future wetter Sahel can be conceived as the response to a reversal in sea surface temperature pattern in the Atlantic Ocean due either to a reduction of aerosol loading, or to the Atlantic multi-decadal oscillation. However it could be premature to take this partial rainfall amelioration as evidence of a global warming signature, given the likely influence of internal variability on the interhemispheric SST gradients that influence Sahel rainfall, as well as the influence of aerosol variations (Christensen et al., 2007) and the flawed representations of the WAM climate (Cook and Vizy, 2006) . However, recently, Giannini (2010) has pointed out that the increase in anthropogenic greenhouse gases drives a direct continental change in the Sahel region: the increase in net terrestrial radiation at the surface is amplified by the water vapor feedback which increases evaporation, favouring vertical instability and near-surface convergence.
Some AR4 20C3M simulations (20th century runs using historical GHG concentrations, , can produce unrealistic variability in the Sahel with systematic errors and large model differences (Christensen et al., 2007; Paethe et al., 2008) . This is partly due to the different parameterizations of clouds and convection, to the omission of dynamic vegetation (Giannini et al., 2003) and to the quasi-absence of feedbacks from dust aerosol production and from future land surface modification in projections.
The goal of this paper is to identify precipitation changes and associated atmospheric signals in North Africa at medium-term time horizon through a multi-model (MM) ensemble approach based on the 20C3M simulations and A1b emissions scenario from 12 ocean-atmosphere coupled models. We will focus on the April-June and July-September rainy seasons observed in the Guinean and Sudan-Sahel, respectively. These choices are hence different from most studies conducted to date including the last IPCC report which concentrated more on the June-August climate changes between years 1980-1999 and 2080-2099, and concluded on non-robust response with modest moistening in the Sahel with little change on the Guinean coast (Christensen et al., 2007) . The choice of a relatively short time horizon (50 years) may also increase the generality of the results since before 2050, C02 emissions and concentrations in A1b are very similar to those projected by scenarios from the A2 family.
Data and Methods
The A1b scenario provides a good mid-line scenario for CO2 emission and economic growth and supposes a balanced emphasis on all energy sources. The MM approach is based on 12 runs issued from 12 different coupled models (see table 1 more details on http://www.ipcc.ch): Joly and Voldoire (2009) have shown that this set offers a representative sample of the performance of state-ofthe art coupled models without any type of a priori consideration.
Precipitation change and associated signals are estimated by comparing the seasonal rainfall outputs simulated by the 12 models, between years 1960-1999, the 'current period', and 2031-2070, the 'near future', using in cooperation (i) the MM approach, (ii) the 'one model one vote' concept (Santer et al., 2009) and (iii) individual differences taken with respect to each model climatology. The 'current period' includes a comprehensive set of both abnormally wet years (in the 60s and 90s) and abnormally dry years (within the 70s and 80s).
The CRU TS 2.1 at 0.5° resolution (Mitchell et al., 2002) and the GPCP at 2.5° (Adler et al., 2003) datasets will be used as observational reference for estimating the continental rainfall.
The simulated changes will be presented as seasonal means and composite fields and through (i) rainfall indexes depicting the April-June Guinean rainy season and the July-September monsoon season, (ii) atmospheric indexes describing the mean location of moisture flux convergence at 850 hPa, and (iii) near-surface temperatures, moisture fluxes and meridional gradients of moist static energy over West Africa.
Rainfall patterns
The July-September ensemble-mean (figure 1a) shows first that models have difficulties in reproducing the observed northward penetration of the rain belt deep into the continent: this belt stands abnormally southward (7-8°N vs ~10°N in observation) due to an insufficient simulated upwelling off the West Coast -by 3°C off the southwest coast- (Christensen et al., 2007) .
Nonetheless, the precipitation change (figure 1b), shows that the largest drying is simulated within the whole Mediterranean and Southern European domain in agreement with conclusions for the end of the 21 st century (Christensen et al., 2007) . However our results exhibits a significant composite pattern with increasing rainfall over the central and eastern Sahel regions and negative differences in the Guinean Gulf and western Sahel: rainfall excesses are encountered by 12°N in the eastern Atlantic and central Sahel in association with rainfall deficits over the Gulf of Guinea. This supposes a deeper northward penetration of the rain belt associated with an enhancement of the monsoon circulation since GES scenarios produce stronger warming in northern tropical Atlantic, southern Europe and Mediterranean areas than in the moister tropics (Christensen et al.,2007) . The generated SST anomaly pattern in the Atlantic and the Mediterranean is favorable to a more northward excursion of the monsoon (Garcia-Serrano et al., 2008; Fontaine et al., 2009 ) while the meridional surface temperature anomaly gradient over West Africa tends to shift farther north the African Easterly Jet which is also associated with a larger rainfall over Sahel (Hourdin et al., 2010) . Changes in surface air temperature and moisture flux at 925 hPa are also very significant. Thus, figure 3b,e denotes a reinforced monsoon flux over West Africa and India, in association with continental warming over the northern tropical deserts and, in July-September, all around the Mediterranean. This thermal pattern tends to strengthen both the Saharan heat low (Fig.3d,e ) and the meridional temperature gradients known to be linked to the horizontal moist static energy gradients driving the monsoon circulation (Fontaine et al., 1999) . It is worth noting that all individual models and the multi-model mean produce such a temperature gradient enhancement during the two April-June and July-September rainy seasons over the Guinean and Sahelian regions (Fig.3c,f) . Since the moisture and thermal gradients impact the AEJ location in regional climate model outputs (Bamba Sylla et al., 2009 ), these changes could therefore impact the future African monsoon.
Conclusion
The goal of this study was to document the April-June and July-September Analyses of a few key-regional indices denoted also lower (higher) occurrence of anomalous dry (wet) rainy seasons. Rainfall increases are attested in 10 models out of 12 during the April-June rainy season in the Gulf of Guinea, and in 8 models out of 12 for the July-September amounts over the central and eastern Sahel. In July-September the rainfall pattern contrasts excesses around 12°N in the eastern Atlantic and central Sahel and deficits over the Gulf of Guinea. Moreover eastward to the zero longitude a northward shift in latitude of the moisture flux convergence at 850 hPa is evident in 10/11 models (+0.58 ° in mean) but a southward shift in 6/11 models in the western region (-0.24°) is observed. Associated changes in near-surface temperature, moisture fluxes and meridional temperature gradients are significant in near-all models and denote a more vigorous monsoon penetrating deeper into the West African continent. In a future paper we will focus on the atmospheric conditions associated with the global warming to explain the differential effect on the western and centraleastern Sahel, and therefore contribute to reduce uncertainty on the global warming effect in the region.
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